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INTHODITCTIOIT. 


Up  to  within  the  last  ten  years  Lalce  Michigan  has  served 
the  double  purpose  of  a  source  of  water  supply  and  an  agent  in 
sewage  and  waste  disposal  for  those  coimnunities  lying  along  its 
shores.   Of  late  years,  however,  so  great  has  been  the  increase 
in  the  population  of  these  districts  and  the  large  number  of 
manufacturing  establishments  which  have  been  set  up  in  them, 
that  Lake  Michigan  has  proven  incapable  of  suitably  diluting 
the  greatly  increased  amount  of  sewage  and  v/aste,  and  at  the 
same  time  furnishing  a  supply  of  water  sufficiently  pure  for 
drinking  and  domestic  use. 

The  City  of  Chicago,  being  the  largest  city  lying  on  the 
shores  of  Lake  Michigan,  naturally  was  the  first  to  feel  the 
necessity  of  protecting  its  v/ater-supply  by  finding  some  other 
disposition  of  its  sewage  than  that  of  diluting  it  in  the  la^ce . 
As  a  solution  of  this  problem,  in  the  year  1900  the  Sanitary 
and  Shin  Cemal  was  tl-irov/n  open.   This  canal  extends  from  the 
South  Branch  of  the  Chicago  River  to  the  City  of  Joliet,  - 
a  distance  of  thirty-five  miles,  -  at  which  place  its  waters 
mingle  with  those  of  the  Des  Plaines  River  and  flow  into  the 
Illinois  River,  from  7/hence  th.ey  pass  into  the  Mississippi. 
At  the  present  time  this  canal  serves  as  a  means  for  the 
inoffensive  disposal  of  the  sev/age  of  that  part  of  Chicago 
bordered  by  87th  Street  on  the  South  and  Howard  Avenue  on 
the  North,   In  addition,  an  auxiliary  canal  is  being  construc- 
ted which  7/ill  carry  the  sewage  of  the  tov/ns  of  Evans  ton  and 
Wilmette  to  the  Sanitar:,  Canal.   Another  auxiliary  canal, 
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knov/n  as  tiie  Calumet-Sag  Canal,  is  proposed  for  the  purpose 
of  carrying  ths  sewage  of  the  towns  lying  between  87th  Street 
and  159th  Street,  and  between  the  Indiana  State  line  and 
40th  Avenue. 

When  these  latter  projects  have  been  completed  the  Drainage 
Canal  v/ill  be  taxed  to  its  fullest  capacity;  that  is,  it  v/ill 
carry  14,000  cubic  feet  per  second,  and  will  be  diluting  as 
much  sewage  as  that  volume  of  water  is  capable  of  diluting, 
assuming  a  rate  of  3.33  cubic  feet  per  second  for  the  sev/age  of 
each  1,000  persons.   If  a  greater  volume  tlian  thi3  were  to 
be  drawn  from  Lalce  Michigan  an  appreciable  lowering  of  the  level 
of  that  body  of  wat^r  v/oulf  result,  with  a  consequent  damage  to 
harbor  and  shipping  facilities.   It  is  therefore  necessary  for 
the  tov/ns  North  of  Wilmette  to  resort  to  other  methods  of 
sev/age  disposal  in  order  to  properly  protect  their  water  supply. 
Most  of  the  municipalities  lying  on  the  shore  of  Lake  Michigan 
do  not  attempt  to  purify  their  sev/age  before  discharging  it 
into  the  Lake,  although  they  all  withdraw  drinking  water  from 
it  at  points  which  are  in  some  cases  less  than  a  quartermile 
from  the  shore  along  which  the  sev/ers  empty. 

The  City  of  Lake  Forest,  situated  some  twenty-eight  miles 
I'Torth  of  Chicago,  has  always  been  very  progressive  in  matters 
dealing  with  the  public  welfare,  and  in  the  year  1902  a  plant 
was  built  for  the  purification  of  its  sev/age,  so  that  it  could 
be  discliarged  into  Lake  Michigan  v/ithout  affecting  the  drinking- 
water  which  is  withdrav/n  therefrom.   This  plant  served  its 
purpose  satisfactorily  for  a  number  of  ^'-ears,  but  numerous  ex- 
tensions to  the  sewers  which  have  been  made  since  its  instal- 
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lation,  together  v/ith  the  excessive  leakage  of  ground  water 
into  these  sewers,  -  which  are  supposed  to  carry  only  doraestic 
waste,  -  have  acted  together  to  render  the  disposal  plant  en- 
tire ly  inade  luate . 

The  purpose  of  this  work  has  been  to  study  the  condition 
and  effectiveness  of  the  present  plant,  and  to  gather  as  much 
data  as  pos^^ible  bearing  on  the  design  of  an  additional  plant, 
so  that  the  combined  installation  would  be  able  to  successfully 
purify  the  present  sewage  emptied  into  the  lalce,  and  at  the  same 
time  provide  for  such  a  future  increase  in  the  aanount  to  be 
handled  as  is  to  be  reasonably  expected.   The  circumstances 
under  which  this  ?/ork  was  performed  did  not  allov/  of  so  exten- 
. sive  a  study  of  conditions  as  has  been  mad?  for  similar  purposes 
at  Colusnbus,  Ohio,  Saratoga  Springs,  New  York,  or  at  Chica£:o, 
Illinois.   At  tha  saicie  time,  the  extensiveness  of  this   study, 
as  compared  to  those  mentioned  above,  is  entirely  comr.iens urate 
with  the  size  and  monetary  value  of  the  proposed  plant,  and  it 
is  not  to  be  expect^jd  that  an  exhaustive  study  should  be  made, 
at  a  cost  of  several  thousand  dollars,  i  n  order  to  properly 
design  a  plant  that  itself  costs  only  ten  or  fifteen  thousand 
dollars. 

The  material  will  be  presented  under  the  follov/ing  heads: 

I.  Topography ,  Present  Sev/aije  System,  and  probable 
future  additions  thereto. 

II.  The  Lake  Forest  Water  Supply  and  its  Relation  to  the 
Disposal  of  the  Sewage. 

III.  Generalities  Bearing  on  the  Disposal  of  Lake  Forest 
Sev/age. 


4. 
rv.   Chemical  Studies  of  the  Rav/  and  Treat. id  Sewaf-e. 
V.   Bacteriological  Studies  of  the  Rav/  and  Treated  Sev/age, 
TI.   Description  of  the  Present  Plant,  its  Condition  and 
Efficiency'-, 

VII.   The  Character  and  Quantity  of  Sev/age  to  te  Purified. 
"VIII.  Ihe  Propooed  ITev/  Plant,  its  Description,  Design, 
and  Cost. 


I. 

Topography,  Present  Sewerage  System,  and  ProTDable 
Euturs  Additions  Thereto. 

The  City  of  Lake  Eorest  is  situatsd  on  the  Eastern  shore 
of  Lake  Michigan,  twenty-eight  miles  North  of  Chica;:o,  and  has 
a  water-front  of  approximately  three  and  one-half  miles.   The 
corporation  limits  extend  inland  to  the  Green  Bay  Road,  a  dis- 
tance of  abo'  t  one  and  tv/o- thirds  miles,  and  there  are  three 
additions,  to  the  city  v;hich  lie  V/est  of  said  Road,  and  are 
situated  as  shown  on  the  accompanying  map.   The  total  area  of 
the  city  is  a"bout  seven  and  one-half  square  miles,  and  while 
the  land  Y/est  of  the  Northwestern  Railway  tracks  is  very  level, 
the  tract  lying  between  these  tracks  and  the  lake  is  more  hilly 
and  is  traversed  by  a  netv/ork  of  ravines.  Except  for  the  breaks 
in  the  contour  brought  aboi;.t  by  these  ravines,  the  topography 
is  fairly  level,  varying  from  one  to  four  P^r  cent  slopes. 

The  streets  East  of  the  ITortliv/estern  Railway  are  laid  out 
in  a  -7Qry   irregular  manner,  as  a  glance  at  the  map  will  show. 
The  purpose  of  tlxis  is  to  lend  an  artistic  effect  to  the  grounds 
and  parks  which  cover  this  entire  area.   The  streets  all  drain 
into  the  nearest  ravine,  which  serves  to  conduct  the  surface 
runoff  to  the  lake.   The  result  is  that  during  a  heavy  rain 
the  ravines  carry  a  considerable  aiaount  of  water.   The  sev/er 
mains  for  the  transmission  of  the  domestic  sev/age  are,  for  the 
greater  part,  laid  along  tlie  bottoms  of  the  ravines,  so  that 
there  is  every  facility  for  the  surface  drainage  to  leak  into 
the  domestic  sev/ers.   The  depth  of  tlie  ravines,  v/hich  varies  from 
twenty  to  one  hundred  feet  at  different  localities,  causes  a 


6. 
very  rapid  draina.";e  of  tlie  surfaces,  and  produces  a  great  rush  of 
storm  water  during  lieavy  rains.   This  explains  tlie  large  amount  of 
stoiTii  water  that  finds  its  way  to  the  sewage  disposal  plant, 
although  the  latter  lias  "been  designed  to  handle  only  the  dones- 
tic  sewage.   The  streets  East  of  the  Horthv/estern  Railway  tracks 
are  paved  with  macadam,  while  those  "West  are  paved  v/ith  vitrified 
brick  and  wooden  blocks,  the  former  predominating.   Some  of  the 
streets  in  the  Western  part  of  the  tov/n  are  still  unpaved,  and 
therefore  have  little  effect  on  the  storm  water  leaking  into 
the  domestic  sewers. 

The  domestic  sev/age  of  Lake  Porest  is  conduc  ted  to  the 
disposal  plant  by  a  system  of  sev/ers  which  is  entirely  indepen- 
dent of  the  street  drains.  A  municipal  ordiiaance  prohibits  the 
connection  of  roof  drains  to  the  sewers,  but  the  drainage  of 
cellars  may  be  run  into  them.   Por  ti^e  most  part  the  sewer  mains 
are  laid  in  the  bottoms  of  the  ravines,  as  stated  before.   The 
layout  of  the  system  is  indicated  on  tiie  accompanying  map,  Y/hich 
shows  the  present  sewer  mains  in  heavy,  solid  lines. 

The  sewers  in  the  nortiiern  district  lead  into  a  twelve- 
inch  main,  which  discharges  into  a  six- inch  cast  iron  carrier 
at  the  lake  shore  about  three  quarters  of  a  mile  ITorth  of  the 
disposal  plant.   The  size  of  this  carrier  is  ample,  because 
of  the  steep  grade  on  which  it  is  laid.   A  ten-inch  main  leads 
from  the  addition  to  the  city  ¥est  of  the  Green  Bay  Road,  to 
thB.   system  in  the  llorth  district.   The  sewers  in  the  central 
portion  of  the  town  are  connected  to  the  disposal  plant  by   a 
tv/2lve-inch  carrier.   This  central  system  carries  by  far  the 
greater  part  of  the  domestic  sev/age ,  as  it  drains  the  di,;.trict 
in  the  neighborhood  of  the  railroad  depot,  and  tiiat  part  of 


(1 


7. 


the  town  West  of  the  railroad  in  whicli  rioiit  of  the  stores  and 
business  estalDlishineats  are  situated.   The  Sout:;ern  part  of  the 
town  is  not  as  yet  built  up  to  an^^  extent,  and  no  sev/ers  a.re 
installed. 

The  heavy  dotted  linea  on  the  map  indicate  the  most 
probable  location  of  future  swwer  mains.   The  drainage  of 
the  Southern  district  will  be  effected  by  ei^ht  and  ten  inch 
mains,  which  will  lead  to  a  six  inch  cast  iron  carrier  laid 
along  the  lake  shore,  as  has  been  done  in  the  ITorthern  district, 

The  total  length  of  eight  and  ten  inch  mains  at  present 
installed  in  the  Northern  district  is  22,000  lineal  feet. 
These  drain  into  3600  feet  of  twelve  inch  main,  which  in  turn 
drains  into  5000  feet  of  six  inch  carrier.   In  the  central 
district  there  are  52,300  lineal  feet  of  eight  and  ten  inch 
mains  leading  into  4500  feet  of  twelve  inch  pipe,  which  empties 
directly  into  the  disposal  plant.   The  total  length  of  sev/ers 
is  87,400  lineal  feet.   The  greatest  distance  through  which 
the  sewage  must  travel  before  reaching  the  purificr.tion  plant 
is  along  the  main  leading  from  the  addition  lying  West  of  the 
Green  Bay  Road  at  the  northern  end  of  the  to^m,  and  there  is 
not  likely  to  be  a  longer  main  installed  when  all  extensions 
have  been  laid.   The  distance  from  the  extreme  end  of  this 
main  to  the  disposal  plant  is  about  four  miles.   In  the  other 
mains  the  sewage  is  required  to  flow  through  a  much  less  dis- 
tance than  this,  so  that  the  major  portion  of  the  sewage 
reaches  the  plant  in  a  fresh  condition. 

In  the  design  of  the  disposal  plant  it  will  be  neces- 
sary to  taxe  account  of  15,000  lineal  feet  of  eight  and  ten 
inch  mains,  to  be  added  to  those  at  present  laid  in  the  North 


district,  16,200  lineal  fset  to  be  added  to  those  in  the  central 
district,,  and  sev/ers  for  the  entire  Southern  district,  v/hich 
v/ill  eventually  consist  of  30,000  feet  of  eight  and  tan  inch 
mains,  and  4400  feet  of  six  inch  carrier.   56,600  lineal  feet 
must  thus  be  provided  for,  in  addition  to  the  present  length  of 
87,400  lineal  feet.   This  is  an  increase  of  about  seventy-one 
percent. 


9. 
II. 
The  V/ater  Supply  and  Its  Relation  to  t-.a  Disposal  of  the 
Sev/age. 

The  City  of  Lake  ITorsst  is  furnished  with  water  for  all 
purposes  by  the  Lalce  Forest  Y/ater  Company.   The  water  is  drav/n 
from  Lake  Michigan  through  a  cast  iron  intake,  which  extends 
out  eleven  hundred  feet  from  the  shore.   This  intuke  is  laid 
on  a  grade  sloped  toward  the  shore,  so  tnat  the  water  flows  into 
a  pump-well  bj'-  gravity.   A  compound  direct-acting  duplex  pump 
withdraws  the  water  from  t:ie  well,  and  delivers  it  to  a  stand- 
pipe  near  the  Town  Hall.   The  pump  has  an  eighteen  inch  stroke 
and  twelve  inch  cylinder,  and  is  usually  run  at  abort  tv/enty 
strokes  per  minute,  against  a  pressure  of  eighty-five  pounds 
per  square  inch.   Its  rated  capacity  is  one  million  gallons  per 
day,  and  this  amount  is  more  than  sufficient  to  supply  water 
for  the  citj^  for  domestic  purposes  iuid  for  street  and  lawn 
sprinkling.   The  pumping  station  is  equipped  with  an  auxiliary 
pump  of  the  same  type  as  the  one  described  above,  and  of  one- 
half  the  capacity,  which  is  used  in  case  of  fire  in  the  tovm,  or 
in  case  of  a  break-down  of  the  larger  pump. 

The  total  capacity--  of  the  pizmping  plant  is  thus  seen  to 
be  one  and  one-half  million  gallons  per  day,  but  the  quantity 
used  for  domestic  purposes  lis  not  more  than  300,000  to  400,000 
gallons  per  day,  the  remainder  being  used  for  lav/n  and  street 
sprinkling  and  for  the  fire  mains.   This  v/ater  is  purified  by 
coagulation  with  alum,  which  is  automatically  added  to  the  water 
in  the  pump-well  at  the  rate  of  six  or  seven  pounds  per  day. 
Mixing  and  precipitation  takes  place  in  the  well,  and  the  water 
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is  delivered  from  the  pump  to  ai2c  pressure  filters,  each  six 
feet  in  dicimeter.   These  filters  were  installed  by  the  0.  K. 
Jev/ell  Filter  Co.,  and  the  water  is  delivered  to  them  at  a 
pressure  of  sixty  pounds  per  square  inch,  a.nd  leaves  at  a 
pressure  of  ahout  fifty-five  pounds. 

The  regulation  and  control  of  the  purification  process 
is  very  poor,  the  sole  object  being  to  clarify  the  supply. 
The  small  cunount  of  coagulemt  used  is  not  sufficient  to  produce 
a  very   great  reduction  of  the  nujuber  of  bacteria  in  the  raw 
v/ater,  and  the  purification  process  can  not  be  relied  upon 
to  thoroughly  purify  a  contaminated  supply  of  v/ater. 

The  pumping  station  is  situated  at  the  North  end  of  the 
tovm,  about  one  and  three- q.uarters  niles  north  of  the  sev/age 
disposal  plant.   In  quiet  weather  there  is  a  possibility  of 
currents  along  the  shore  carrying  the  effluent  from  the  dispo- 
sal plant  toward  the  intake  of  the  water  v/orks,  and  producing 
contamination  of  the  v/ater  supply.  During  heavy  wind  storms, 
when  the  surface  water  is  driven  inshore,  there  is  the  same 
danger  of  the  sev/age  being  carried  to  the  water  v/orks  intake. 
Hov/ever,  if  the  effluent  from  the  disposal  v/orks  is  free  from 
organic  matter  that  is  putrescible,  and  if  it  contains  no  more 
trian  ten  or  tv/enty  thousand  bacteria  per  cu,  cm.  ,  it  should 
have  no  injurious  effect  on  the  v/ater  supply  v/hatever.   T>ie 
bacteria  passing  from  an  open  ^and  filter  are  not  of  an  inju- 
rious nature  ordinarily,  and  the  dilution  in  the  lalce  soon 
destroys  them  by  reason  of  t'.e  lack  of  food  supply, 

From  the  latest  school  census  the  population  of  Lake 
Forest  is  estimated  at  tloree  thousand.   Judging  from  the 
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amount  of  v/ater  sunplied  to  t-ie  town,  and  the  large  nujiiter  of 
people  of  t"ie  wealthier  classes  residing  in  it,  v/e  may  place 
the  quantity  of  v/ater  used  at  from  100  to  135  gallons  per 
inhalDitant  per  day.   This  eventually  finds  its  way  to  the 
sewage  disposal  plant,  which  should  therefore  be  capable  of 
handling  from  300,000  to  400,000  gallons  per  day,  no  provision 
being  made  for  a  future  increase  in  the  amount  to  be  purified, 
and  no  reserve  capacity  being  provided  for  the  storm  water 
leaking  into  the  sewers. 


12. 
III. 

Generalities  Bearing  on  the  Sewage  Disposal  Question. 

The  large  nuEi^ber  of  investigations  of  water  supplies  and 
sev/age  disposal  plants  that  have  "been  carried  on  "both  in  this 
country  and  abroad,  have  all  made  it  very  clear  that  no  pro- 
cess of  sev/age  disposal  which  can  be  economically  carried  on 
hy  a  municipality,  will  serve  to  produce  at  a,ll  times,  an  ef- 
fluent that  is  entirely  free  from  injurious  "bacteria,  and 
contains  no  decomposable  organic  matter.  However,  if  the  efflueni 
contains  only  a  reasonable  niaaber  of  bacteria,  if  the  suspended 
solids  are  very  small  in  amount,  and  if  the  dissolved  organic 
matter  has  been  nearly  all  transformed  into  liarmless  nitrates 
or  stable  organic  compounds,  a  reasonable  amount  of  dilution 
will  bring  about  a  thorough  purification  through  the  action 
of  aeration  and  sedimentation. 

Applying  this  reasoning  to  the  purification  of  the 
sewage  of  Lake  Porest,  it  is  believed  that  the  only  require- 
ments of  a  disposal  plant  for  tliat  City  are  that  the  effluent 
shall  be  clear  and  entirely  non-putrescible,  and  shall  contain 
enough  dissolved  oxygen  to  take  care  of  the  nitrites  and  un- 
oxidized  organic  matter  that  are  contained  in  it.   If  these 
requirements  are  fulfilled,  the  nu:mber  of  bacteria  will  not 
be  excessive,  and  dilution  in  Lake  Michigan  will  provide  for 
the  complete  purification  of  the  remaining  organic  natter, 
and  for  the  destruction  of  any  harmful  bacteria  that  may  pass 
through  trie  plant. 


13. 
IV. 

Chemical  Studies  of  the  Ra.w  and  Treated  Sev/age, 
The  chemical  analysis  of  a  sewage  and  its  products  offers 
a  great  deal  of  information  in  regc.rd  to  the  changes  occurring 
in  the  suspended  and  dissolved  matter  contained  therein,  both 
as  to  the  quantit:-  and  character  of  these  latter.    Y/hile  much 
is  to  be  learned  from  the  bacterial  studies  of  sewage  products, 
it  is  to  be  remembered  that  t:.e  prime  purpose  of  a  sewage 
disposal  plant  is  the  removal  of  dissolved  and  suspended  mat- 
ters, or  tlieir  transfoi^nation  into  substances  which  are  not 
injurious  v/hen  taken  into  the  h\incin  system,  and  which  will  not 
in  time  develop  into  substcinces  of  this  last  nature.  Wliile 
bacterial  activity  is  almost  entirely  responsible  for  this 
transformation  of  harmful  into  harmless  substances,  the  com- 
pleteness of  the  process  is  be  st  indicated  by  the  chemical 
analysis.   The  bacterial  studies  are  of  value  as  an  adjunct 
to  tlie  facts  disclosed  by  the  chemical  examina.tion,  and  are 
the  surest  means  of  detecting  the  source  of  trouble  in  a 
purification  process. 

For  a  thorough  study  of  a  sewage  both  the  chemical  and 
bacteriological  examinations  are  of  equal  importance,  and 
they  should  be  considered  in  conjunction  v/itl;  each  other. 
In  this  work  samples  for  chemical  and  bacteriological  exami- 
nation were  taken  at  the  same  time,  and  the  examinations  were 
carried  on  simultaneously,  as  much  attention  being  paid  to  the 
one  as  to  the  other.   The  samples  v/ere  taken  at  different  times 
of  the  day,  and  on  different  days  of  the  v/eek,  but  it  was  not 
possible  to  arrange  the  collection  of  hoi.irly  samples  for  an 
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entire  day,  nor  to  get  a  sami-'le  on  eacl'i  successive  dc.y  for  a 
week,   T^iiere  is  considerable  variation,  however,  in  the  times 
at  which  the  collections  were  made,  and  as  sam^iles  were  ta-..en 
during  both  dry  and  rainy  weather,  it  is  believed  that  the 
results  are  sufficient  to  show  the  degrs^e  of  purification 
which  is  effected,  and  to  give  data  for  the  proper  design  of 
an  additional  plant. 

The  anal3''ses  v/ere  made  as  soon  after  collection  as  pos- 
sible, and  rio^'^t  of  the  determinations  v/ere  started  within 
seventy- tv.'o  hours.  Most  of  the  bacteria,l  examinations  were 
made  the  same  day  that  the  sample  v/as  collected.   Samples  of 
the  rav/  sev/age  were  taJcen  at  the  entrance  to  the  settling 
chambers,  and  samples  of  the  septic  sewage  at  the  entrance  to 
tiie  filter  beds,  while  the  purified  sewage  v/as  sampled  at  the 
manholes  between  the  filter  beds.   The  term  "purified  sewage" 
as  used  here,  must  not  be  confused  with  the  effluent  from  the 
plemt,  for  at  no  time  during  the  period  of  t^iese  examinations 
v/as  all  of  the  sewage  purified.   The  amount  of  sev/age  flov/ing 
down  to  the  plant  was  sometimes  as  much  as  tlaree  or  four  times 
as  much  as  coild  be  treated,  and  the  excess  flowed  directly  into 
tlie  lake,  after  being  mixed  v/ith  the  portion  that  had.  passed 
through  the  purifying  devices.   At  times  the  ai-aount  of  sev/age 
v/as  so  great  tliat  tlie  mixture  of  treated  and  untreated  efflu- 
ent that  flowed  into  the  lake  was  hardly  distinguishable  from  the 
raw  sev/age,  both  in  appearance  and  chemical  composition. 

The  methods  of  analysis  used  may  be  briefly  described 
as  follov/s: 

Total  Solids.   One  hundred  c.c.  of  the  sample  v/as  evapo- 
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rated  on  a  v/ater  bath  in  porcelain.  Tlae  residue  was  dried  at 
110  det^rees  centigrade  for  one  hour  and  then  v/ieghed. 

Volatile  Matter.   The  dried  residue  from  Ithe  determina- 
tion of  total  solids  v;as  ignited  to  redness  and  the  loss  in 
v/eiL'ht  calculated  as  volatile  matter.   This  v/as  largely  or^^an- 
ic  matter,  v/ith  a  small  amount  of  carboni^tes  and  amiaoniujn  salts. 

Suspended  Solids.   Fifty  c.c.  of  the  sample  v;ere  fil- 
tered through  a  v/eighed  gooch  crucible,  iind  tlia  residue  dried 
and  v/eighed.   To  insure  an  accurate  Scoiiple  the  fifty  c.c.  were 
withdrawn  in  five  ten-c.c.  portions,  the  bottle  being  tiiorough- 
ly  shaken  each  tim-e  a  portion  was  removed. 

Suspended  Organic  Matter.   The  re  sidue  from  the  above 
determination  was  .igijitdd  to  redness  and  weighed.   The  loss 
is  practically  all  organic  matter,  except  for  the  h;/gro3copic 
water  in  the  iron  salts,  emd  the  negligible  aiaount  of  carbo- 
nates in  suspension. 

Chlorine.  This  v/as  determined  by  titration  with  stan- 
dardized silver  nitrate,  using  potassium  chromate  as  an  indi- 
cator. 

Nitrogen.  Free  am::ionia  v/as  determined  by  distillation 
of  fifty  c.c,  of  the  ss-mple  v/ith  five  hundred  c.c.  of  nitro-;;,en- 
free  water,  and  five  c.c.  of  a  twenty-five  per  cent  solution 
of  sodium  carbonate. 

Albimiinoid  aramonia  v/as  determined  by  distillation  of 
the  residue  from  the  free  ars^onia  after  the  addition  of  fifty 
c.c.  of  alkaline  permanganate  solution. 

A  fev/  estimations  of  the  total  orgcinic  nitrogen  in  the 
raw  and  septicized  sev/age  v/ere  made,  and  for  this,  purpose  the 
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regular  Kjeldaiil  metiiod  v/as  follov/ed. 

Nitrates  v/ere  determined  iDy  the  treatment  of  the  sample 
with  phenol-disulplionic  acid  and  comparison  witli  a  standard 
potassixim  nitrate  solution,  treated  similarly. 

The  determination  of  nitrites  consisted  in  the  compari- 
son of  the  sample  with  a  standard  solution  of  sodium  nitrite 
after  treatment  of  each  with  sulphanilic  acid  and  napthylamine 
hydrochloride. 

Oxygen  ppnsuming  Power .  -  This  determination  was  made 
by  toiling  fifty  c.c.  of  the  sev/ace  for  fire  minutes  with 
standard  potassium  permanganate,  after  acidulation  with  sulphu- 
ric acid.   The  excess  of  permanganate  was  determined  by  titra- 
tion v/ith  oxalic  acid. 

Dissolved  Ox5'"gen.  -  The  oxygen  dissolved  in  the  sewage 
and  its  prod.ucts  was  estimated  by  adding  manganous  sulphate 
and  sodi\jm  hydrate -potassium  iodide  solution  to  a  sample  of 
about  tv/o  hundred  and  fifty  c.c,  contained  in  a  calibrated 
bottle.   The  sample  and  reagents  entirely  filled  the  bottle, 
and,  after  shaking,  the  precipitate  v/as  allowed  to  settle  and 
further  action  prevented  by  the  addition  of  sulphuric  acid. 
This  procedure  v/as  carried  out  directly  after  the  saraple  was 
collected  and  the  precipitated  iodine  v/as  determined  by  titra- 
tion with  sodium  thiosulphate  at  a  later  time,  I'rom  tlie  iodine 
liberated  the  amount  of  oxygen  dissolved  in  the  original  seunple 
v/as  calculated. 

Pu  tre  SCI  bill  t^- ,  -  The  samples  were  tested  to  determine 
their  tendency  to  putrefy  by  completely  filling  a  bottle  of 
about  tv/o  hundred  c.c.  capacity  and  storing  it  at  a  temperature 
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of  about  37  de^.rees  centigrade  for  forty-eicht  hours.  At  the 
end  of  that  tine  the  stopper  v/as  removed  and  the  sample  ex- 
amined for  odor  and  any  blackening  of  the  sediment.  None  of 
the  samples  showed  blackening  of  the  sediment,  and  the  results 
given  in  Table  X  state  whether  th.e  odor  v/as  decided,  slight 
or  absent. 
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V. 
Bacteriological  Studies. 

In  mailing  the  bacteriological  exuxiiiaations ,  tlie  inpor- 
tance  of  careful  preparation  of  tlie  culture  media  and  the  neces- 
sity of  making  the   teste  as  soon  after  collection  as  possible, 
were  kept  in  mind  at  all  times.   All  media  were  prepared  after 
the  reconmendations  of  the  Committee  on  Standard  Methods  of  the 
American  Public  Health  Association.  Especial  care  was  taken  in 
adjusting  the  reactions  of  the  media  as  recommended  by  the 
above  Committee.   Instead  of  using  meat  infusion  for  the  agar 
and  gelatin,  however,  it  was  found  necessary  to  substitute 
beef  extract  in  order  to  expedite  matters.   The  inoculation  of 
cultures  was  performed  a  fev/  hours  after  collection  of  the 
samples  in  most  cases,  and  in  no  case  v/as  tlie  inoculation  done 
after  a  greater  interval  than  twenty-four  hours. 

The  total  number  of  bacteria  growing  on  agar  at  37  de- 
grees and  on  gelatin  at  20  degrees  was  determined  for  the  crude 
sewage,  the  outfall  at  the  lake,  and  the  effluent  from,  the 
filter  beds.   The  niomber  of  acid  producing  bacteria,  grov/ing  on 
litmus-lactose-agar  at  37  degrees  v/as  determined  on  samples 
from  the  filter  effluents  and  tlxe  outfall  at  the  lake  in  all 
cases.   The  total  nujnber  of  bacteria  in  the  effluent  from,  the 
septic  tank  was  not  considered  of  enough  importance  in  this 
work  to  warrant  investigation,  and  for  the  same  reason  the 
numbers  of  acid-producing  bacteria  in  the  crude  sewage  were  not 
determined.   The  purpose  of  the  bacteriological  studies  v/as  to 
determine  the  nximbers  of  bacteria  ordinarily  found  in  the  sev/age , 
in  order  to  ascertain,  to  a  certain  degree,  how  long  a  period  of 
incubation  occurred  before  the  sev/age  reached  tiie  plant.  Turther 
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it  was  necessary  to  deternine  tlie  tot;;:.!  numbers  of  bacteria  and 
the  nwaTDers  of  acid-producing  or  injurious  bacteria  in  the 
effluents  from  the  sand  filters,  in  order  to  shov/  v/hether  they 
were  efficient  in  purifying  the  applied  septicised  sev/a^e. 
Since  all  the  sewage  did  not  pass  tlirough  the  septic  tank  and 
sand  filters  the' effluent  from  the  latter  was  not  by  any  laeans 
representative  of  the  final  effluent  at  the  lake  outfall.  For 
that  reason  it  was  necessary  to  make  the  same  exaoninations  on 
the  sewage  from  the  lake  outfall  as  v/ere  made  on  the  effluent 
from  the  sand  filters.   In  order  to  further  test  these  efllusnts 
for  the  presence  of  colon  bacilli  and  other  intestinal  organ- 
isms, one  c.c.  of  a  one  to  ten  dilution  of  the  samples  was 
incubatedwith  sterilised  ten  percent  glucose  broth.   The  for- 
mation of  gas,  especially  in  the  proportion  of  tv;o  of  hydrogen 
to  one  of  carbon-dioxide,  was  considered  a  conclusive  proof 
of  the  presence  of  intestinal  bactx;ria. 

The  gelatin  plates  v/ere  examined  for  the  number  of 
colonies  showing  liquefaction  of  this  medium,  and  a  record  of 
these  observations  was  kept,  as  a  more  or  less  valuable  indi- 
cation of  the  numbers  of  injurious  organisms  in  the  respective 
saonples. 
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20. 
VI. 

Description  of  the  Present  Plant,   Its  Condition  and  Efficiency, 

The  installation  that  is  now  used  for  the  purification 
of  the  sev/age  of  tlie  City  of  Lake  Forest  is  shown  in  plan  on 
Plate  I,   The  main  carrier  from  tlie  central  sewerage  district 
is  laid  in  the  Toottom  of  a  ravine  "behind  the  disposal  plant, 
and  a  twelve  inch  pipe  "A"  leads  the  sev/age  to  the  mixing 
chamber  at  "B".   There  is  a  "by-pass  allowing  direct  passage  of 
the  sewage  into  the  lailce  without  entering  the  mixing  chamber, 
and  this  pipe  has  "been  marked  "H"  on  Plate  I,   The  six  inch  carrier 
from  the  north  district  is  laid  along  the  ends  of  the  filter 
"beds,  and  leads  to  the  mixing  chamber  through  the  pipe  "D", 
Prom  the  mixing  chamber  the  sewage  enters  the  septic  tank  through 
six  6- inch  shear  valves.   An  overflow  wier  in  the  mixing  cham- 
ber allows  the  excess  of  sewage,  which  would  overtax  the  septic 
tank  and  filters,  to  flow  directly  to  the  manhole  between  beds 
1  and  2,  and  from  thence  it  passes  into  the  outfall  tc  the  laice. 

The  fore  part  of  the  septic  tank  is  divided  longitudi- 
nally into  tv/o  compattments  v/hich  serve  as  sedimentation  chaia- 
bers.   Three  of  the  shear  valves  from  the  mixing  chamber  lead 
into  each  of  these  compartments,  rendering  the  latter  indepen- 
dent of  each  other,   Tlie  sedimentation  chambers  have  a  bottom 
of  concrete  six  inches  t}iick,  which  slopes  toward  the  south  end 
at  the  rate  of  one  half  inch  to  the  foot.  At  the  lower  end 
of  each  tank  there  is  a  ten  inch  shear  valve  leading  into  a 
sludge  pipd.  Each  sedimentation  chamber  is  tv/enty-five  feet 
long,  eight  feet  four  inches  wide,  and  eight  feet  deep,  and  has  a 
capacity  of  about  twelve  thousand  gallons.  "From   each  sedimen- 
tation tank  three  shear  valves  lead  into  a  trough  "M"  extending 
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across  the  endi.  of  tha   tv/o  tanks.   This  trough  is  one  foot  six 
inches  wide  and  four  feet  deep,  and  serves  to  lead  the  sev/age 
from   etcher  of  the  sedimentation  chamloers  into  any  one  of  the 
three  hydrolytic  tanks  "K". 

The  hydrolytic  tanlc  at  the  v/est  side  is  thirty-two  feet 
long,  seven  feet  wide,  with  an  average  depth  of  six  feet  eight 
inches,  and  has  a  capacity  of  about  eleven  thorsand  tv;o  hun- 
dred gallons.   The  middle  tank  is  the  sanie  length  and  depth,  and 
five  feet  wide,  with  a  capacity  of  ahout  eight  thousand  gal- 
lons, while  the  tank  on  the  east  side  is  "but  four  feet  wide, 
v/ith  a  capacity  of  alDOut  six  thousand  four  hundred  gallons. 
All  tliree  of  tha  tanks  "K"  have  a  hottom  of  six  inches  of 
concrete,  sloped  at  the  rate  of  one  half  inch  to  the  foot 
tov/ard  the  south  end,  where  eight  inch  shear  valves  allow  of 
emptying  the  sludge  into  the  sedimentation  chambers. 

By  shutting  off  the  easterly  hydrolytic  tank  the  tiins  of 
flow  of  sewage  through  the  tanks  can  be  cut  dov/n  twenty- five 
percent,  while  by  closing  off  both  the  middle  and  easterly 
tanks,  the  time  of  flow  may  be  cut  dov/n  to  less  than  half  what 
it  is  v/hen  all  three  tanks  are  in  service.   This  is  assiiming 
a  constant  rate  of  feed  of  the  sewage  from  the  sedimentation 
chambers.   A  similar  process  of  control  can  be  applied  in  order 
that  the  sev/age  may  not  be  subjected  to  septic  action  too  long 
during  periods  of  extreme  dry  T/eath^r  flo7/.   This  method  of 
construction  was  designed  when  the  volume  of  sev/age  flov/ing 
dov/n  to  the  plant  v/as  much  less  than  it  ie   now,  and  at  the 
present  time  the  rate  of  flow  through  the  sedimentation  tanks 
"J"is  much  greater  than  that  through  the  middle  and  v/esterly 
hydrolytic  tajiks.   The  easterly  hydrolytic  tani:  is  left  open 


and  thg  excess  of  sev/acje  corain^  from  the  sedimentation  tanks, 
over  that  flov/ing  through  the  middle  and  westerly  tanlcs ,  pa.  ses 
directly  tiirougl;.  the  easterly  tank  into  the  dosing  Ciiamber, 
without  being  subjected  to  any  further  treatment  than  that  re- 
ceived in  the  sedimentation  tanks. 

Prom  the  hydrolytic  tanks  the  septicised  sev/age  passes 
over  wier  gates  into  tv.e  distributing  or  dosing  chamber.   This 
latter  is  tv/enty-four  feet  wide,  eighteen  feet  long  auid  tliree 
feet  deep,  having  a  capacity  of  about  eight  thousand  gallons. 
Each  time  the  distributing  chamber  fills  v/ith  sewage,  its  contents 
are  emptied  through  one  of  ten  siphon  outlets,  in  rot^ition. 
Each  of  these  outlets  leads  to  one  of  the  ten  sand  filter  beds, 
v/hich  are  thus  dosed  with,  the  septicised  sev/age  in  regular 
order.  A  twelve  inch  pipe  "P",  fitted  with  a  shear  valve, 
extends  from  the  dosing  chamber  to  the  drain  underneath  the  fil- 
ter beds,  and  may  be  utilized  to  carry  the  septicised  sev/age 
directly  to  the  lake  outfall  v/ithout  filtration,  a,t  times  when 
the  bed6  are  clogged  or  frozen  over. 

The  sand  filters  are  ten  in  nuj.iber,  and  range  in  ^area 
from  frTee   tliousand  square  f.^et  for  bed  number  1,  to  tv/enty- 
seven  thousand  square  feet  for  bed  number  9,  which  is  the 
smallest.   These  beds  are  constructed  of  Lalce  Michigan  sand 
obtained  at  the  site  of  the  plant,  v/hich  is  of  a  very   fine  qau- 
lity,  eighty-five  percent. passing  a  forty  mesh  sieve,  and 
forty- two  percent  passing  a  sixty  nesh.   The  beds  are  about  five 
feet  deep,  and  the  sewage  coming  from  the  dosing  chamber  passes 
through  a  ten  inch  pipe  v/ith  a  concrete  outlet  at  the  entrance 
to  each  bed.   At  the  bed  the  sev/age  flov/s  into  a  v/ooden  trough 
"G"  v/hich  is  laid  on  the  surface  of  the  bed  and  extends  to  the 
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fartlier  end.   The  sid.^s  of  these  troughs  have  small  openings 
in  tlien,  througli  v/hicii  the  sev/age  is   fed  in  fine  strea-^s.   In 
this  wa3''  the  sev/ags  is  distributed  over  the  surface  of  the  sand, 
and  does  not  striXe  it  v/ith  enough  force  to  wash  out  holes  and 
furrov/s.   The  beds  are  drained  by  tile  "P",  laid  v/it.-;  open 
joints,  which  carry  the  filtered  sewage  to  a  main  pipe  leading 
to  the  outfall.  Between  the  beds  manholes  "N"  are  provided. 
The  lalce  ov'tfall  is  a  tv/elve  inch  cast  iron  pipe,  and  a  pier 
is  built  alongside  of  it  to  prevent  scour.   Two  protection  piers 
are  built  at  the  shore  of  the  lalce  opposite  the  filter  beds  in 
the  position  shown  on  Plate  I,  in  order  to  prevent  scour  of  the 
shore  along  the  beds,  v/hich  are  set  acout  t^^^n  fast  above  mean 
water  level. 

This  disposal  plant,  as  originally  designed,  was  intended 
to  treat  about  tv/o  hundred  and  tv/enty-five  thousand  g.. lions  of 
sewage  per  day.   At  that  rate  the  beds  would  be  filtering  about 
three  hundred  thousand  gallons  per  acre  per  day,  and  the   sev/age 
would  have  a  rest  period  of  about  six  and  one-half  hours  in  the 
septic  tank.   That  the   sev/age  co'.ld  be  sufficiently  purified 
by  this  treatment,  provided  the  plant  received  the  proper  care 
and  control,  will  be  furtlier  brought  out  in  the  next  fev/  pages. 
But  the  ai'iiount  of  sev/age  v/hich  reaches  the  plant  at  the  present 
time  ranges  from  six  to  eight  hundred  thousand  gallons  per  day, 
and  the  plant  is  entirely  incapable  of  handling  that  aiJiount. 
These  facts  v/ill  be  more  clearly  expounded  in  the  follov/ing 
pages,  and  t-ieir  proofs  v/ill  be  outlined  from  the  analyses  and 
examinations  made  in  connection  v/ith  this  work. 

An  examination  of  t";ie  analyses  given  in  Table  I  v/ill  shov/ 


tl-at  tiie  sxflusnts  from  the  filters  ars  at  all  times  satisfo-c- 
tory,  and  tiiat,  in  general,  the  treabnent  is  sufficient  to 
answer  all  the  requirements  of  t>ie  process.  Analyses  numtered 
3,  7,  8,  12  and  15,  are  those  made  on  samples  talcen  at  the  man- 
holes "between  the  filter  beds.   The  nitrites  are  very  lov/, 
ranging  from  .08  parts  per  million  to  none  at  all.   Tho  albujiiinoid 
a::imonia  content,  which  is  a  measure  of  the  undecomposed  animal 
matter  remaining  in  tlie  effluent,  ranges  from  1.2  to  .23  parts 
per  million,  and  tliis  is  not  excessive  for  tliis  type  of  filter. 
In  one  instance  the  albuminoid  armionia  ran  as  high  as  2.3  parts 
per  million,  but  the  nitrites  v;ere  lov;,  and  the  sample  showed  no 
tendency  to  putrefy  after  incubation  for  forty-eight  hours  at 
37  degrees  centigrade,  so  that  its  character  could  not  be 
condemned. 

All  of  the  analyses  shov/ed  that  the  effluents  from  the 
filters  contained  an  amount  of  dissolved  oxygen  ranging  from 
thirty  to  ninety  percent  of  t2ie  oxygen  consujned,  so  that  the 
effluent  is  in  every   case  capable  of  further  purifying  itself 
wi.tJODut  the   aid  of  dilution  in  the  lake.    Ta1»le  II  gives  the 
results  of  the  bacteriological  analyses  of  these  same  sairiples. 
The  bacterial  cont^:?nt  was  in  most  cases  belov;  ten  thousand  per 
cubic  centimeter,  with  less  than  900  acid  producing  organisms 
per  cubic  centim3ter.   As  there  is  no  sand  filter  in  operation 
at  the  present  day  tliat  will  liold  all  of  the  ra^.Tiads  of  intes- 
tinal organisms  that  ct,re  applied  daily,  these  results  are  good, 
and  indicate  that  the  filters  at  this  plant  are  saiiisfactory. 
One  analysis,  (that  made  on  April  l.Jth,)  showed  a  content  of 
eleven  thousand  acid  producing  organisms  per  cubic  centimeter, 
but  this  sample  v/as  taken  during  a  heavy  rainfall,  and  the  fil- 


ters  v/ers  overtaxacl.   Samples  nviLilDerad  7  and  IG  shov/ed  very  few 
acid  producinc  organises,  and  ons  cubic  centimeter  of  a  1:10 
dilution  of  these  suxijles  slaov/ed  no  gas  production  when  incu- 
bated v/it/i  clucosa  brotii.   Samples  number  3  and  12  gave  a  pro- 
duction of  gas  v/hen  incubated  with  glucose  broth,  and  there  was 
every  indication  that  intestinal  bacteria  passed  through  the 
filters  at  these  times.   Two  of  the  filter  effluents,  (number 
8  ajid  16)  contained  organisms  that  li-iuefied  gelatin,  but  the 
other  sai'iples  were  free  from  tlier.i. 

It  is  believed  tnat  these  exarainations ,  together  with 
the  chemical  analyses,  make  it  clear  tliat  the  sand  filt^ars  are 
of  satisfactory  design  and  are  capable  of  freeing  tiie  sev/ace  of 
putrefactive  matter  and  the  greater  number  of  injurious  organisms 
so  thrtt  it  may  safely  be  emptied  into  the  lake  v/itnout  con- 
tamination of  the  water  supply  taken  from  neighboring  intaices, 
provided  that  the  amount  of  sewage  applied  is  not  greater  than 
tiie  beds  are  capable  of  handling. 

The  reduction  in  the  aiaount  of  suspended  matter  in  the  raw 
sewage  brought  about  by  its  passage  tlirough  the  septic  tank, 
is  sufficient  to  prepare  it  for  the  filter  beds,  as  shown  by 
the  determinations  of  suspended  solids  in  the  septicised  efflu- 
ent, Hov/ever,  at  times  of  heavy  rainfall,  such  as  occurred  on 
April  16th,  the  sev/age  passes  through  the  tank  at  a  too  rapid 
rate,  and  a  tank  of  greater  capacity  is  necessary  for  the  pro- 
ber hydrolysis  of  tl\e   sev/age  at  all  times. 

At  no  tine  during  the  period  that  these  exarainations  were 
made  was  more  tha  half  of  the  total  volume  of  se./age  reacliing 
the  disposal  plant  passed  through  the  septic  tank  and  sand 
filters,  and  at  certain  times  loss  than  one  third  of  the  sev/age 
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could  "be  handled  hy   tlis  present  instc?.llation.   The  plu.nt  is 
only  capable  of  properly  purifying  from  t..o  hundred  to  tv/ohun- 
dred  and  fift^;  thousand  gallons  of  sev/are  per  day,  and  it 
should  hav3  a  capacity  of  at  least  six  or  seven  liundred  thousand 
gallons  in  order  to  talce  care  of  the  large  aiaount  of  storm  v/ater 
and  street  drainage  that  leahs  into  the  sev.ars. 

T::ese  facts  are  best  "brou^-hti  lOut  oy  a  consideration  of 
the  exaiiiination  of  tlie  effluent  at  the  laice  outfiill,  as  com- 
pared to  those  of  the  effluent  from  the  sand  filters.  Wlaile 
the  latter  were  sh07/n  to  be  of  a  satisfactory  c-^arc^cter,  the 
sewage  at  the  lake  outfall  alv^ays  contained  a  large  amount  of 
solid  matter  in  suspension,  and  v/as  muddy  in  ap^-^earanse .   All 
the  samples  from  the  outfall  putrefied  after  incubation  for 
forty— eight  hours,  and  in  every   case  the  amount  of  oxi.^gen  in 
solution  was  very   small  as  compared  to  t}:e  amount  of  unoxidized 
material  remaining  in  the  sewage.   The  bacterial  analyses  were 
all  sufficient  to  show  that  this  effluent  v/as  not  sa.tisfactory. 
and  t  .at  it  v/as  not  much  better  tiian  the  raw  sewage.   The  small 
part  of  the  total  sewage  which  passes  through  the  plant  has 
1.0   little  effect  on  the  resultant  mixture  of  treated  and  un- 
treated sewage,  t^iat  the  present  plant  is  of  very  little  value, 
and  unless  it  is  enlarged  there  is  little  advantage  to  be  gained 
by  keeping  it  in  operation.   The  follov/ing  chapters  will  talce 
up  the  question  of  t]ie  design  of  an  a,dditicnal  plo.nt,  v/hich,  in 
conjunction  with  the  present  installation,  v/ill  be  capable  of 
purifying  all  the  sev/age  reaching  the  plant,  with  enough  reserve 
capacity  to  take  Cc.re  of  such  an  increase  in  the  quantity  to  be 
handled  in  the  future  as  ma;-  be  predicted  from  the  present 
conditions. 
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VII. 
The  Character  and  Quantity  of  Sewage  to  be  Provided  for. 

In  order  to  intelligently  design  any  plant  for  the  effi- 
cient purification  add  disposal  of  sev/age ,  it  is  necessary  that 
data  be  collected  concerning  the  character  and  quantity  of 
sewage  to  he  treated,  and  that  studies  "be  made  of  the  most 
advantageous  method  of  treatment.   In  addition  to  this  the 
necessary  degree  of  purification  must  he  decid^^d  hy  a  considera- 
tion of  the  final  disposal  of  the  purified  sewage,  and  tlie 
effect  of  the  latter  on  the  neighboring  i:;urface  or  ground  v/aters 
which  are  used  as  sources  of  domestic  water  supply. 

Taking  up  ti^ese  matters  in  the  reverse  order  to  that 
mentioned  above,  the  effect  of  diluting  the  purified  sev/age  of 
Lake  Jorest  in  Lake  Micliigan,  will  be  considered  first*   The 
nearest  intake  for  a  water  supply  is  that  of  the  Lake  IForest 
Vv'at^r  COiap.<.ny,  sit'.iated  about  one  and  thxree- quarters  miles  north 
of  the  disposal  plant.   The  only  other  intake  tliat  might  be 
affected  by  the  sev/age  of  Lake  Porest  is  that  situated  at 
Port  Sheridan,  which  is  nearly  three  miles  south.   Since  the 
prevailing  winds  in  this  locality  are  from  the  South  and  East, 
and  because  of  the   fact  that  the  currents  along  this  shore  are 
very  slight  and  generally  talca  a  northerly  direction,  tlie   ef- 
fect of  the  Lake  Porest  sev/age  on  t  .e  Port  Sheridan  inta,ke  need 
not  be  considered.   As  for  the  effect  of  the  sev/age  on  the 
Lake  Forest  water  supply,  if  the  effluents  are  free  from  suspen- 
ded matter  and  shov/  no  tendency  to  putrefy,  the  great  degree 
of  dilution  which  talces  place  in  the  waters  of  the  lake  may 
be  safely  depended  upon  to  completely  alter  any  remaining  un- 
decomposed  organic  matter  into  harmless  cor.ipounds,  while  tne 


effsct  of  the  ounlirht  and  paucity  of  food  cui)\ly   sliorld  cer- 
tainly kill  all  inji'Tious  organisriis  before  t.iey  can  be  carried 
to  the  inteJce.   The  effect  of  the  dilutsd  sev/a^s  on  the  ground 
water  withdrawn  from  shallow  v/ells  near  tlie  shore  is  so  slight 
as  to  be  negligible. 

We  may  then  say  that  the  sewage  turned  into  t:ie  lake 
need  only  be  free  froin  sediment  and  show  no  tendency  to  putrefy. 
The  bacterial  content  will  not  be  excessive  if  these  condi- 
tions are  fulfilled.   If  the  effluent  was  to  be  emptied  into 
a  river  or  smaller  body  of  water,  or  if  an  intcJzs  of  a  water 
supply  v/ere  situated  closer  to  the  disposal  plant  it  v;ould  be 
necessary  to  resort  to  disinfection  of  the  effluent,  or  aera- 
tion of  the  septicised  sev;age ,  followed  by  double  sand  filtra- 
tion.  In  the  present  instance,  however,  the  degree  of  purifi- 
cation attained  by  th.e  proper  use  of  the  filters  and  septic 
tank  is  satisfactory  in  e^ery   v/ay,  and  all  that  is  necessary 
is  an  increase  in  the  capa,city  of  the  plant. 

As  regards  the  method  of  treatment  to  be  applied  in  the 
design  of  additions  to  the  present  plant,  tiie  stidies  that 
were  made  of  the  ir  esent  appliances  are  sufficient  to  prove 
that  the  method  nov/  in  use  will  be  satisfactory  for  the  new 
portion. 

The  quantity  of  sev/age  which  the  nev/  plant  should  be 
capable  of  treating  may  be  arrived  at  from  the  population  of 
the  city,  assuiiiing  a  certain  prodi.i.ction  of  sev/age  per  capita, 
and  allowing  for  a  rea;:onable  increase  in  the  population;  or 
it  may  be  estimated  from  the  quantity  of  sewage  mow  flov/ing 
down  to  the  disposal  plant,  the  proper  allov/ance  being  made 
for  additions  to  the  sewerage  system  and  a  reserve  capacity 
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Ueing  provided  for  tr.e  stem  v/ater  leaking  into  the  aewers. 

As  stated  in  Clip-pter  II,  the  population  of  Lake  Porost 
is  atout  tliree  thousand,  and  assuming  a  water  consuiiiption  of 
from  one  hundred  to  on©  hundred  and  thirty-five  £;allons  par 
day  per  capita,  the  disposal  plant  must  he  capable  of  handling 
from  three  to  four  hundred  thousand  gallons  of  sev/a^e  per  day, 
to  say  nothing  of  the  storm  water  leaking  into  the  sewers. 
With  tlie  increase  in  the  population  which  is  to  he  exr)ected, 
and  the  laying  of  sev/ers  in  the  south  district,  as  detailed 
in  Chapter  I ,  an  increase  of  ahout  seventy  per  cent  in  the 
quantity  of  sewage  to  he  dis^iOsed  of  is  to  be  expected.   The 
combined  present  plantand  tie  addition,  should  tJierefore  be 
designed  to  handle  six  hundred  and  eighty  thousund  gallon.- 
of  sewage  per  da.y. 

If  the  septic  tanks  and  filters  are  designed  to  }iandle 
this  quantity  of  sewage  during  noma.1  conditions,  it  v/ill  be 
possible  to  pass  at  least  eigl  t  hundred  thousand  gallons  of 
sewage  through  the  plant  for  short  period.s  at  a  time  duri  ng 
heavy  rains,  and  thus  take  care  of  storm  v/ater. 

The  sev/age  of  Lake  Porest  is  almost  entirely  free  from 
industrial  or  trades  watte,  and  the  analj'^ses  of  the  rav/  sewage 
given  in  Table  No.  I  indicate  that  it  is  not  of  a  strong  com.- 
position.   During  storms  the  total  amount  of  solid  matter  in 
suspension  and  solution  may  reach  as  great  a  value  as  fourteen 
or  fifteen  hundred  partsper  million,  but  the  greater  part  of 
this  is  surface  v/ash,  s,nd  it  should  not  give  tro  hie  in  the 
P'irific--tion  process.   The  average  sev/age  reaching  the  plant 
contains  from  five  to  eight  }iundred  parts  of  solid  matter. 
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T}ie  sev/a£;e  is  of  a  fresh  character,  however,  and  reaches 
the  plejit  in  the  space  of  two  or  thre?-  hours,  zo   that  septic 
action  must  talve  place  aliuost  entirely  v/itlin  the  plant.   5'or 
strong  sewages,  and  for  tiiose  of  larii'er  cities,  vrhere   there  are 
large  quantities  of  nianufacturing  v/astes  to  be  purified,  it  is 
necessary  to  allow  a  rest  period  of  at  least  eight  hours  in  the 
septic  tank.   The  present  plant  is  designed  to  allov/  a  rest 
period  of  only  six  and  one-half  hours,  e.nd  this  time  seems  to 
be  perfectly  satisfactory  for  tlie  kind  of  sev/age  to  be  purified 
here,  so  taat  this  feati^re  will  ba  adhered,  to  in  the  design  of 
the  additional  pla:it.   The  design  will  be  nade  so  that  this 
rest  period  :can  be  established  during  tirnes  of  heavy  sav/age 
flow,  and  it  will  be  possible  to  increase  the  time  allowed 
for  septic  action  during  periods  of  dry  v/eather. 
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VITI. 
Proi-osed  New  Plant.  -  Its  Description  '?:  Desicn. 

Tn.^   present  plant  is  capable  of  satisfactorily  purifying 
two  hundred  and  twenty-five  thousand  gs.llons  of  sev/age,  so  that 
the  additional  plant  v;ill  be  designed  to  handle  four  iiundred 
and  f if  t; -five  tiiovsand  gallons  , "bringing  the  total  capacity 
of  the  plant  up  to  the  required  six  hundred  and  eiglity  thoi'- 
sand  gsllons  per  day  of  twenty-foir  hours.   There  is  a  level 
strip  of  "beach  immediatel;:,'  south  of  the  present  plant,  and 
tiiis  offers  the  "best  site  for  the  construction  of  the  addi- 
tions.  The  wier  nov/  in  the  mixing  box  of  the  present  plant 
must  be  calibrated  so  that  tie  quantity  of  sev/age  fed  to  the 
present  septic  tanic  will  never  exceed  two  hundred  and  fifty 
tho  ;sand  gallons  per  day.   All  of  the  excess  will  flow  by 
means  of  a  tv/elve  inch  ca^t  iro:i  pipe  to  the  mixing  chamber 
of  tlie  nev/  plant.   The  overflow/  wier  at  the  mixing  box  of  the 
old  plant  may  be  automatically  raisad  a.nd  lowered  by  means 
of  a  float,  and  this  autoiTiatic  device  ca.n  readily  be  regulated 
to  properly  divide  the  sewage  betv/een  the  two  plants.   It  will 
also  be  pocsible  to  lessen  the  quantity  of  sev/age  flov/ing  to 
the  old  plant  at  times  when  the  bedt  are  clogged,  or  the  sep- 
tic tank  or  distributing  device  ate  out  of  order. 

The  sewage  coming  to  the  new  plant  v/ill  be  fed  into  a 
mixing  box  six  feet  by  tv/enty-foi;.r  feet,  by  eight  feet  deep. 
This  is  shovm  on  Plate  3,  which  is  a  plsji  of  the  proposed  ad- 
dition to  the  present  plant.  The   north  wall  of  the  mixing  box 
is  to  be  fitted  up  with  eight  eight  inch  shear  valves,  four 
leading  into  each  sedimentation  chamber.   Triese  valves  will  be 
set  seven  fset  from  the  bottom  of  the  sedimentation  chambers. 
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60   that  they  v/ill  "be  tv/o  feet  below  the  normal  surface  of  the 
sev/a£"e  in  these  latter.   This  will  prevent  undue  agitation  of 
the  sediment  or  tl.-e  surface  scum  by  the  enterine  sev/a^e. 

The  sedimentation  tanks  are  to  be  two  in  nuxiber,  and  each 
tv/elve  feet  v/ide,  thirty  feet  long  and  an  average  of  eight  feet 
deep.   The  bottoms  of  the  sedim.entation  chiainbers  .^hall  be  eic'lit 
feet  six  inches  deep  at  the  north  end,  where  the  sewage  enters, 
and  sha.ll  slope  to  a  depth  of  seven  feet  six  inc}ies  at  the 
south  end  .   The  volume  of  each  tank  will  then  be  2880  cu.  ft, , 
or  21,500  gallons,   Y/hen  the  plant  is  treating  455,000  gallons 
of  sev/age  per  day,  the  liquid  v/ill  travel  tlirough  tlie  sedi- 
mentation chambers  at  a  rate  of  thirteen  and  one-third  feet 
per  hour,  or  2.65  inches  per  minute.   Thi..  will  be  sufficient 
to  allow  the  sand,  silt  or  otlier  lieavj/  particles  i>o  settle  to 
the  bottom, 

Erom  the  sedimentation  chambers  the  sewage  v/ill  pass 
through  eight  eiglit  inch   shear  valves  at  the  south  endt,  of  the 
tanks,  into  a  channel  (marked  "A"  on  Plate  II)  v/hich  will  allov/ 
of  its  entry  into  either  of  the  three  hydrolytic  tanks. 

The  hydrolytic  tanks  will  be  tjiree  in  number,  (marked  "B", 
"C"  ^:  "C"  on  Plate  II),  and  each  tank  will  be  eighty  feet  long 
and  seven  feet  six  inches  deep  at  its  north  end,  v/here  the 
sev/age  enters,  and  six  feet  six  inches  deep  at  its  sout>i  end. 
The  t5Jik  "B"  v/ill  be  six  feet  v/ide,  "C"  will  be  eig  -t  feet  v/ide, 
v/hile  the  tank  "D"  v/ill  be  ten  feet  wide.  Each  tank  v/ill  be 
fed  tiirougli  two  ten  incli  sr.ear  valves,  leading  from  the  dis- 
tributing channel,  and  set  in  the  north  v/all  of  the  tank,  at 
an  elevation  of  three  feet  from  the  nortial  surface  of  the  sev/- 
age  in  the  tanks.  When  the  plant  is  treating  455,000  gdlons 
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of  ssware  per  day,  the  rat.3  of  travel  tlirough  the  hydrolytic 
tanks,  assuming  that  each  tank  receives  its  part  of  tlie  v/hole 
volume  in  proportion  to  its  aize,  will  "be  about  fifteen  feet 
per  hour,  or  at  the  rate  of  three  inches  per  minute.   The  sew- 
age v/ill  reLiuin   in  the  hydrolytic  ta  .ks  for  about  five  hours, 
making  the  total  rest  period  in  the  sedimentation  and  hydrolytic 
tanks  combined,  seven  and  one-ha.lf  hours. 

At  times  of  extreme  dry  weather  flow  the  total  voluLie 
of  sewage  will  be  far  less  than  455,000  gallons  per  day,  and 
in  order  that  tlie  sewage  does  not  remain  in  t.ie   septic  tank 
so  long  as  to  render  it  too  foul  for  satisfactory  treatment  in 
the  filters,  one  of  the  hydrolytic  tanks  may  be  cut  out  entire- 
ly. By  using  but  one  of  the  three  hydrolytic  tanks  alone,  or 
by  losing  a  combination  of  any  tv/o  of  them,  it  v/ill  be  possible 
to  keep  the  sa^ne  velocit^^  of  flov/  v/hen  the  plant  is  treating 
only  25^,  33^,  42fo,    5Qfo   or  75/o  of  the  rated  capacity  of  the 
plant. 

Prou  the  hydrolytic  t^^.nk  the  sev/age  will  flow  over  a 
weiy,  whic}'  will  be  protected  oir   a  scum  board,  into  the  dosing 
chamber.   This  will  be  twenty-four  feet  v/ide,  tiiirty  feet  long 
aod  four  feet  deep.   The  west  and  south  sides  of  the  dosing 
tanks  will  be  depressed  six  inciies,  in  order  to  accommodate 
ten  automatic  delivering  sipnons,  constructed  after  the  manner 
specified  in  the  Miller  Patents,   The  total  volujue  of  the  dosing 
tank  will  be  three  thousand  cubic  feet,  or  about  twenty- two 
thou.sand  five  hundred  gallons.  Each  time  the  tank  fills  one  of 
the  siphons  v/ill  deliver  the  entire  contents  tlirough  a  tv/elve 
inch  pipe  to  one  of  tl-^e  sand  filters.   There  v/ill  be  one  siphon 
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for  eacr:  filtei'  "bed,  and  a  separate  pipe  must  b>^  provided  fron 
each  sip:  on  to  its  respective  ted.   The  feeding  device  v;ill 
automatically  prime  the  ten  siphons  in  rotation,  so  that  the 
"beds  will  be  dosed  one  after  tij.e  other. 

Thj  v;alls  of  the  septic  tanks  and  sedimentation  tanks, 
as  well  as  those  of  the  dosing  chamber,  are  to  be  of  reinforced 
concrete,  and  ti.e  bottoms  of  all  tanks  are  to  be  composed  of 
six  inches  of  unreinforced  concrete,  laid  on  six  inches  of  well 
compacted  cinders,  after  tlie  foundation  has  been  thorougiily 
tamped  and  rolled.   The  depth  of  all  tanks  given  above  is 
undertitood  to  be  measured  from  the  noi-mal  surface  of  the  water 
in  the  tanks,  which  v/ill  be  on  a  level  v/ith  the  brink  of  the 
weir  at  the  entrance  to  the  dosing  chamber. 

When  the  plant  is  treating  455,000  gallons  of  sewage  per 
day  the  dosing  tank  will  be  filled  tv/enty  times  in  twenty-four 
hours.  Each  filter  bed  will  then  receive  two  doses  of  twenty- 
two  thousand  five  hundred  gallons  each  in  one  day.   This  gives 
a  normal  rate  of  filtration  of  about  tv/o  hundred  and  ninety 
thousand  gallons  per  acre  per  day.   The  present  plant  treats 
three  hundr-d  thousand  gallons  per  acre  per  day,  and  since 
satisfactory  results  are  obtained  at  this  rate,  it  should  prove 
equally  satisfactory  for  the  uev;  plant. 

In  case  there  is  ixny   troi;ble  with  the  beds,  either  from 
clogging  or  from  freezing,  there  v;ill  be  a  twelve  inch  pipe 
laid  from  the  dosing  chamber  to  the  manhole  betv/een  beds 
1  and  2,  so  that  the  septic  effluent  may  be  run  directly  to  the 
lake  outfall  v/ithout  filtration. 

The  sand  filter  beds  v/ill  be  ten  in  nujr.ber,  and  of  the 
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dimensions  shown  on  Plate  II.  Eacii.  bed  v/ill  have  an  area  of 
sixty-five  hundred  square  feet,  and  a  depth  of  six  f?et.   The 
sewage  v;ill  be  led  to  tlie  bed  bv'  a  twelve  inch  pipe,  at  ti-e 
mouth  of  which  a  concrete  opening  v/ill  be  built,  to  prevent 
v/ashing  out  of  the  sand  at  the  entrance  to  tiie  bed.   The  sev/are 
will  flow  from  the  feed  pipe  onto  a  wooden  trough  twelve  inches 
wide  and  three  inches  deep,  whicii  will  be  laid  on  the  surface 
of  the  bed,  in  tlie  position  shown  on  the  plan  of  the  beds, 
(Plate  II).   The  main  trouglx  v/ill  have  branches  so  arranged 
as  to  reach  all  parts  of  the  bed,  and  the  sides  of  these  bran- 
clirjs  will  contain  one  inch  square  holes  at  the  level  of  the 
bottom  of  tiis  trough,  so  that  tlie  sev/age  will  flov/  out  over 
the  surface  of  the  sand  v/ithout  seriously  disturbing  the  latter. 

The  filter  beds  are  to  be  constructed  by  excavating  the 
sand  on  the  shore  of  the  lake ,  over  the  area  to  be  occiApied  by 
the  bed,  to  a  depth  of  seven  feet  below  the  elevation  of  the 
outlet  from  the  feed  pipe.   The  bottom  is  then  to  be  leveled 
off  and  rolled.   The  sand  ?;hicli  is  removed  in  the  excavation 
is  to  be  screened  to  remove  all  gravel  that  v/ill  not  pass  a 
one- quarter  inch  screen.   The  bottom  of  the  bed  is  to  be  laid 
with  six  inch  tile  drains,  in  the  position  shov/n  on  Plate  II, 
and  sloped  true  to  grade  to  the  main  tv/elve  inch  pipe  drain 
leading  from  the  bed.   The  drain  tile  is  then  to  be  covered 
with  one  foot  of  coarse  gravel,  all  of  v/hich  will  be  retained 
on  a  one-half  inch  ring,  and  none  of  v/hich  v/ill  be  retained  on 
a  one  inch  ring.   This  la:,  er  of  gravel  is  to  be  carefully  leveled 
and  compacted,  and  the  :;and  is  then  to  be  deposited  upon  it  to 
the  requisite  depth.   The  cast  iron  drain  pipes  are  to  pass 
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beneath  the  bed  and  connect  to  the  pipe  in  the  next  bed.   These 
cast  iron  drains  are  to  be  laid  six  inclies  lov/er  than  the  tile 
feeding  drains  in  each  bed,  and  tViere  is  to  be  a  brick  inanhole 
between  each  tv/o  beds^  which  yhall  have  a  diameter  of  three  feet. 

The  drain  pife  from  the  filter  beds  leads  to  tlie  present 
outfall  pine  at  ti.e  lalce  shore.   Three  prot<^ction  piers  v;ill  have 
to  be  constructed  in  the  positions  shown  on  Plate  II,  each  ex- 
tending out  into  the  lal'C-  one  hundred  feet.   These  piers  shall 
be  ten  feet  wide  and  shall  consist  of  three  layers  of  Wakefield 
slieet  piling,  prop.irly  tied  v/ith  iron  rods  at  intervals  of 
eight  feet,  and  suitably  bulkheaded  to  prevent  bulging.'  The 
sheet  piling  shall  be  twenty  feet  long  and  shall  be  driven  to 
v/ithin  three  feet  of  the  nean  water  level.   The  piers  are  to 
be  filled  with  rock  of  a  one-man  size,  or  with  ceBsnt  mortar 
of  a  1;3  mixture  deposited  in  paper  bags  holding  a,t  least  one- 
half  cu.  ft.  each. 

The  sludge  from  the  hydrolytic  tanks  will  be  drawn  into 
the  sedimentation  tanks  v/henever  it  is  found  necessary,  and  the 
sludge  from  the  latter  tanks  will  be  withdrav/n  through  the  ten 
inch  sludge  pii-e  "S"  to  a  sludge  bed.   This  will  merely  be  a 
depressed  area  35  ft.  by  25  ft.,  with  a  banlc  of  sand  about  it 
to  retain  the  moisture  in  the  sludge  and  allov/  it  to  gradually 
seep  into  the  grornd. 

Th°  sewage  tanks  7/ill  be  enclosed  in  a  building  fomed  by 
continuing  the  outer  sides  of  the  tanics  to  a  height  of  ten  feet 
above  ground  level,  emd  covering  with  a  v/ooden  roof.   There  shall 
be  a  door  ut  each  end  of  the  "ouilding,  and  one  window  at  the 
east  side  of  ti:e  dosing  tank.   This  winclov/  shall  be  kept  covered 


to  shut  out  t-13  lic^ib  during  urux  u^i'^.'  wui.-ing. 

An  installation  built  after  th3  above  general  dbbi^.i  .-ill 
properl'-  purify  the  se.va_a  of  tlie  city,  and  will  be  aia_  Ic  to 
treat  t  ^    storrd  v;ate.r  and  taJce  care  of  v/hatever  increase  in 
quantity  is  likely  to  be  produced  in  the  future  at  this  loca- 
lity.  The  cost  of  the  addition  appliances  is  estiraated  as 
f  ollov/s: 

410  cu,  yds.  of  concrete  at  OlO.OO  (including 

reinforcement) $4100.00 

Ten  thousand  B.M.  lumber,  at  $30.00  per  M. ^ 300.00 

750  lin.  ft.  of  12"  C.  I.  pipe,  at  $1.10 --  825.00 

2500  lin.  ft.  vitrified  clay  pipe  (12")  at  1.40 1000.00 

3500  lin.  ft.  unglazed  tile  (6") ,at  AO.OO  per 

hundred  feet 350.00 

7000  briclc  for  manholes,  at  AlS.OO  per  thousand 

(in  plade) 105.00 

10  manhole  covers,  at  $1,00  each 10.00 

22  shear  valves,  at  |2.50  each 55.00 

Automatic  siphons,  piping, rigging,  etc. 500.00 

Excavation,  grading,  etc., (18,000  cu.  yds.)  3600.00 

Screening  and  washing  sand  and  surfacing  beds 1100.00 

Three  protection  piers 1200.00 

Incidentals,  superintendence,  and  engineering,  10^ — -1515.00 

Total  $14,460.00 
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